Serum samples from patients with various forms of rubella virus infection were tested for antibodies to each of three viral structural proteins by radioimmunoprecipitation and sodium dodecyl sulfate-polyacrylamide gel electrophoresis. In most sera antibody to El protein was the predominant species. Sera from patients with congenital rubella syndrome, however, contained significantly more E2 antibody relative to El antibody than did sera from other rubella patients.
Rubella virus virions contain two envelope glycoproteins (El and E2) and a nonglycosylated capsid (C) protein (10, 12) . Because the antibody to El protein has hemagglutination-inhibiting activity (12; Y. Umino, T. A. Sato, S. Katow, T. Matsuno, and A. Sugiura, Arch. Virol., in press), El protein is thought to be involved in hemagglutination. The role of E2 protein, on the other hand, has yet to be determined.
Most rubella virus infections leave a long-lasting immunity which is believed to be mediated by circulating antibody. Little information is available, however, about the amount of antibody to each of the viral structural proteins which is formed after infection or vaccination. Some rubella virus infections are known to develop into chronic infections such as congenital rubella syndrome (CRS), arthritis (15) , and progressive rubella panencephalitis (PRP) (11) .
It is of interest to know whether the antibody response to individual proteins of rubella virus virions differs in various forms of rubella infection. Antibodies against different measles virus virion proteins have been differentiated and quantitated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis of immunoprecipitated labeled antigens in various forms of measles infection (3-5, 9, 13 saline (pH 7.2) was added. The immune complexes adsorbed to the beads after 2 h at 4°C were pelleted at 100 x g for 30 s, washed four times with RIPA buffer and once with phosphate-buffered saline, suspended in 0.0625 M Tris-hydrochloride (pH 6.8)3% sodium dodecyl sulfate-5% 2-mercaptoethanol-10% glycerol-0.005% bromophenol blue, and boiled for 2 min. Electrophoresis was carried out in a 10% polyacrylamide slab gel by the method of Laemmli (7). Gels were dried and fluorographed on Sakura type A films (2) .
Serum samples were tested at a dilution of 1:16 because higher concentrations of most sera precipitated less antigen. The inhibitory effect on nondiluted serum on the immunoprecipitation of rubella virus antigens was confirmed by the finding that an antibody-positive serum was more reactive when diluted 1:16 in phosphate-buffered saline than when diluted in an antibody-negative serum (data not shown).
We studied serum samples from four subjects in late convalescence, five patients with CRS, two patients with suspected PRP (1), one patient recovering from reinfection, and a pig hyperimmunized with the M33 strain. Electrophoretic patterns of labeled rubella virus virions are shown in Fig. 1 , lane 1. El was more intensely labeled with the radioactive amino acid mixture than were E2 and C, whereas more radioactive glucosamine was incorporated into E2 than into El, reflecting the higher carbohydrate content of the former (10) . Electrophoresis of viral proteins immunoprecipitated from disrupted virions by representative sera is also shown in Fig. 1 . Proportions of the three viral proteins precipitated varied from one sample to the other. In general, ratios of E2 and C to El were lower than in nonprecipitated virions, indicating that antibody to El was the predominant species in most sera. However, the E2/El ratio was higher in immunoprecipitates with the serum from a patient with CRS (Fig. 1, lane 3) than in the labeled virions. Figure 2 shows the densitometric tracings of fluorograms of labeled virions (Fig.  1A and B, lanes 1) and immunoprecipitates (Fig. 1A and B Fig. 1A and B, lanes 1) or virions immunoprecipitated with convalescence serum from reinfection (bottom; see Fig. 1A and B, lanes 5) are shown. Grain absorbance of the fluorogram was traced by a densitometer at a wavelength of 625 nm. AA, Amino acids; G, glucosamine; ab, antibody.
namely, antibody to El was predominant in most sera except in those from CRS patients. Levels of antibodies to El and E2 in some sera were also determined by the dilution endpoint method on a fourfold serial dilution of serum ( Table  2) . The results confirmed the relative abundance of E2 antibody in CRS sera, as compared with late-convalescence sera.
What caused the observed difference between the antibody response in CRS and in other rubella virus infections? The E2 protein of rubella viruses which caused the CRS could have been antigenically closer to the E2 protein of the M33 strain than to that of other rubella viruses. This possibility is unlikely, however, because the CRS patients included in this study were born after 2 different rubella epidemics more than a decade apart. Alternatively, E2 may be less immunodominant than El, and the antibody response to E2 beyond a certain limit may require repeated antigenic stimuli provided by virus persisting in the body. A relatively elevated E2/El ratio in hyperimmune porcine serum suggests this possibility. Finally, elevated E2/El ratios could be caused not only by increased antibody reponses to E2 but also by decreased antibody responses to El. Serum hemagglutination inhibition antibody titers were, indeed, relatively low in some CRS patients, and it is conceivable that the antibody response to El was somehow suppressed in CRS, e.g., as a result of partial tolerance established during fetal infection.
Prominent antibody responses to El, E2, and C proteins have been demonstrated by radioimmunoprecipitation in a patient with PRP (14) . These may have resulted from a sustained antigenic stimulus caused by an ongoing infection. Analysis of antibodies by radioimmunoprecipitation may well serve to elucidate the interaction of rubella virus with the host.
